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Abstract
The interactions between the spin of fermionic matter and torsion in
the Einstein–Cartan–Sciama–Kibble (ECSK) theory of gravity provides
a repulsive gravitational potential at the very dense states of fermionic
matter, which prevents the formation of black hole singularities inside the
deeper horizon. While the fermionic matter in the black hole is attracted
by the black hole at the beginning, after a critical point it is repelled to
bounce at a critical high density and then expand into other side of the
horizon as a newly created space, which may be considered as a nonsin-
gular, closed universe. We constructed the action of these fermions in a
black hole with torsion in the framework of ECSK theory of gravity from
which the free Dirac action is inferred to obtain the interaction potential.
The creation of a bouncing universe with the extremely repulsive poten-
tial may be related to the running vacuum and the modified Friedmann
equations yield the consistent cosmological parameters with present FRW
1
universe. Finally, this scenario naturally solves the flatness and horizon
problems of cosmology without introducing finely tuned scalar fields, or
more complicated functions of the Ricci Scalar R in the gravitational ac-
tion.
Keywords: bouncing universe – spinor field – Einstein-Cartan field equa-
tions – black hole physics – inflation.
1 Introduction
In curved space-time, the conservation law for the total angular momentum of
fermions represented by the Dirac equation requires an asymmetric affine con-
nection. Because metric general relativity has constraints on the symmetry of
the connection, the ECSK theory of gravity correspondingly fixes the constraint
of general relativity. ECKS relates the spin density of fermionic matter and the
antisymmetric part of the affine connection as the torsion tensor, and assigns it
as a dynamical variable like the metric itself. The intrinsic spin of fermions gen-
erates a torsion for the space-time by coupling to the connection of the curved
space-time. On the other hand, The ECSK theory and general relativity give
same predictions for the high densities as in the nuclear scales due to the neg-
ligibly small contribution from torsion to the Einstein equations, therefore the
ECKS is validated for all cases as is general relativity [1-19].
If the densities are extremely high as in the black holes and as in the very
early universe, this situation leads to a spinor–torsion interaction behaves like
a gravitational repulsion, and it prevents the creation of singularities in the
black holes due to the spin of the fermionic matter [20-31]. It leads to that the
singular big bang is turned out to be a nonsingular big bounce, before which
the universe was contracting [32-35]. This model also provides a solution for
the flatness-horizon problem of cosmology other than terminating the initial
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singularity of the universe [29-31], [34-37]. Instead of the cosmic inflation which
is verified by CMB radiation inhomogeneities and requires additional scalar field
matter components for solving the flatness-horizon problem [38-40], torsion can
be considered as the simplest and most natural mechanism to provide solution
for these major problems of the standard big bang cosmology [17,41,42].
There can be found noteworthy studies which consider the nonsingular and
bouncing cosmologies led by a universe inside a black hole whose event horizon
opens to another new universe as a white hole [43-46]. The contraction of a
universe in a black hole could correspond to gravitational collapse of matter
inside the black hole existing in another universe. Therefore, the collapsing
matter inside the black hole should have a bounce at a finite density, after that
should expand into a new region on the other side of the event horizon, which can
be considered as a nonsingular, new born closed universe [17,26,32,35], [47-54].
This is why the ECSK theory is expected to give the evolution of each spatial
point in the universe toward a state of an extremely high but finite density
due to the spinor-torsion interaction of fermions in the black hole. For such
a scenario, the local contraction of universe finished, and the matter evolves
toward a bounce, and the expansion of universe starts.
In this paper we will be concerned with the behavior of fermion fields near the
horizons of a spherically symmetric space-time with torsion in the generalized
Einstein-Cartan-Kibble-Sciama theory of gravity by considering higher order
terms to investigate the big bounce behavior of the universe. We will study the
properties of a spinor field equation in the background of an ECSK black hole
by considering the spin-torsion interactions of the conventional fermion field and
the space-time.
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2 Spinor Field in ECSK formalism
In order to study the dynamics of spinor fields in curved space-times we should
use the formalism of ECSK theory, since it holds for the sources with spin.
In the curved space-times the theory of Dirac spinors is a complex example of
the quantum field theories for obtaining the energy-momentum tensor of the
field from the variation of spinor Lagrangian. Although the energy-momentum
tensor of scalar fields describes the reaction of Lagrangian to the variations of
the metric, as the field is itself held constant during the variation of the metric,
the same does not apply for the spinor field energy-momentum tensor from the
variation of metric tensor only, where the spinor fields are the sections of a
spinor bundle. This spinor bundle is obtained as an associated vector bundle
due to the bundle of tetrad spin frames. The bundle of spin frames is a double
covering of the bundle of oriented and time-oriented orthonormal frames. For
spinor fields, when one varies the metric, the components of the spinor fields
also varies and they cannot be held fixed with respect to some fixed holonomic
frame as in the scalar field case [55]. Therefore, we need to give the algebraic
structure of the ECSK formalism and the spinor field structures.
The metric-affine formulation of the gravity has the dynamical variables of
the tetrad frame field eia and the spin connection ω
a
bk = e
a
j e
j
b;k = e
a
j (e
j
b,k+Γ
j
ike
i
b),
where the comma denotes the ordinary partial derivative with respect to the xk
coordinate, and the semicolon represents the covariant derivative with respect
to the affine connection Γijk whose antisymmetric lower indices give the torsion
tensor Sijk = Γ
i
[jk]. Moreover, the tetrad frames link the space-time coordinates
with indices i, j, ... and the local Lorentz coordinates with indices a, b, ..., such
that V a = V ieai for a Lorentz vector V
a and a standard vector V i. While the
Lorentz vectors have a covariant derivative denoted by a bar and defined in
terms of the spin connection: V a|i = V
a
,i + ω
a
bi V
b and Va|i = Va,i − ωbai Vb, the
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standard vectors have a semicolon covariant derivative defined in terms of the
affine connection, V k;i = V
k
,i +Γ
k
li V
l and Vk;i = Vk,i −Γlki Vl. The Local Lorentz
coordinates are lowered-raised by the Minkowski metric ηab, and the space-time
coordinates are lowered-raised by the metric tensor gik. Also, the metricity
condition gi j;k = 0 yields the affine connection defined to be Γ
k
i j = {ki j} + Cki j
in terms of the Christoffel symbols {ki j} = (1/2)gkm(gmi,j + gmj,i − gi j,m) and
the contortion tensor Cijk = S
i
jk + 2S
i
(jk). While the symmetrization is used by
A(jk) = (1/2)(Ajk+Ak j), the antisymmetrization is used by A[jk] = (1/2)(Ajk−
Ak j)throughout the paper. In ECSK gravity, the metric gik = ηabe
a
i e
b
k and the
torsion Sjik = ω
j
[ik] + e
a
[i,k]e
j
a can also be taken as the dynamical variables more
than the tetrad frames and the spin connection [1-19].
From the definition, a tensor density TD is related to the corresponding
tensor T by TD = eT , where e = det e
a
i =
√− det gik, then the spin density
and the energy-momentum densities are given as σi jk = e si jk and Tik = eTik.
These tensors are called as metric spin tensor and metric energy-momentum
tensor since they are specified by the space-time coordinate indices, and they
are obtained from the variation of the Lagrangian with respect to the torsion (or
contortion) tensor Ci jk and the metric tensor g
i j , respectively. Accordingly, the
metric spin tensor is given as ski j = (2/e)(δℓm/δC
i j
k ) = (2/e)(∂ℓm/∂C
i j
k ), while
the metric energy-momentum tensor is Ti j = (2/e)(δℓm/δg
i j) = (2/e)[∂ℓm/∂g
i j−
∂k(∂ℓm/∂(g
i j
,k ))]. The Lagrangian density of the source matter field is here
ℓm = eLm. If the local Lorentz coordinates are used to specify these tensors
as σiab = e s
i
ab and T
a
i = eT
a
i , then s
i
ab and T
a
i are called as the dynamical
spin tensor and dynamical energy-momentum tensor, respectively, and they are
obtained from the variation of the Lagrangian with respect to the tetrad eia and
the spin connection ωabi , such that s
i
ab = (2/e)(δℓm/δω
ab
i ) = (2/e)(∂ℓm/∂ω
ab
i ),
and T ai = (1/e)(δℓm/δe
i
a) = (1/e)[∂ℓm/∂e
i
a − ∂j(∂ℓm/∂(eia,j))] [1-19].
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Total action of the gravitational field with spinor field dark matter in metric-
affine ECSK theory is given in the same form with the classical Einstein-Hilbert
action, such as S = κ
∫
(ℓg + ℓψ)d
4x, where κ = 8πG and ℓg = −(1/2κ)eR,
and ℓψ are the gravitational, and fermionic matter Lagrangian densities. The
Ricci scalar is R = Rbje
j
b where R
b
j = R
bc
jke
k
c is the Ricci tensor obtained from
the curvature tensor Rbcjk. Also, the curvature tensor is related to the spin
connection, such that Rabi j = ω
a
bj,i − ωabi,j + ωaci ωcbj − ωacj ωcbi. The variation
of the action with respect to the contortion tensor gives the Cartan equations
Sji k − Si δjk + Sk δji = −(κ/2e)σjik, and the variation with respect to the metric
tensor yields the Einstein equations Gik = κ(T
ψ
ik + U
ψ
ik), where Gik = P
j
i jk −
(1/2)P lmlm gik is the Einstein tensor. Here P
j
i jk is also the Riemann curvature
tensor given by the relation Riklm = P
i
klm +C
i
km :l−Cikl :m+CjkmCijl−CjklCijm,
where colon represents the Riemannian covariant derivative with respect to the
Levi-Civita connection {kli} , such as V k:i = V k,i +{kli}V l and Vk :i = Vk,i−{lki}Vl.
Also, the curvature tensor transforms into the Riemann tensor for torsion-free
general relativity theory. The Uik term in the Einstein equations is the spin
contribution Uik = κ(−sij[l sklj]−(1/2)si jlskjl+(1/4)sjliskjl+(1/8)gik(−4slj[msjml] +
sjlmsjlm), and the total energy-momentum tensor of the spinor field is given by
Θψik = T
ψ
ik + U
ψ
ik [1-19].
Combining the above algebraic relations for the metric-affine ECSK formu-
lation of gravity for (+,−,−,−) metric signature, spinor field fermionic matter
is described by the Lagrangian densities of the form:
ℓψ = e(i/2)(ψ¯γ
kψ;k − ψ¯;kγkψ)− emψψ¯ψ, (1)
where ψ and ψ¯ = ψ+γ0 are the spinor and the adjoint spinor fields, respectively.
The semicolon covariant derivative of the spinor and the adjoint spinor fields
6
are given by
ψ; k = ψ, k − Γkψ, (2)
ψ¯; k = ψ¯, k − Γkψ¯, (3)
where Γk = −(1/4)ωabkγaγb is the Fock-Ivanenko spin connection, γk and γa
are the metric and dynamical Dirac gamma matrices as; γk = ekaγ
a, γ(kγm) =
gkmI and γ(aγb) = ηabI. One can decompose the semicolon covariant deriva-
tive of the spinor field into a colon Riemannian covariant derivative with the
contortion tensor Ci jk term as
ψ; k = ψ: k + (1/4)Ci jkγ
[iγj]ψ, (4)
ψ¯; k = ψ¯: k − (1/4)Ci jkψ¯γ[iγj]. (5)
The colon Riemannian covariant derivative is also defined to be
ψ: k = ψ, k + (1/4) gik{ijm}γjγmψ, (6)
ψ¯: k = ψ¯, k − (1/4) gik{ijm}γjγmψ¯. (7)
Although the spinor field Lagrange density contains covariant derivatives in-
cluding the contortion tensor Ci jk, the explicit form of the contortion tensor
is obtained from the Cartan equations whose right hand side involves the spin
tensor density. Then, the spin tensor is led by the variation of the spinor La-
grangian with respect to the contortion tensor, such as
si jk = (1/e)σi jk = −(1/e) εi jklsl, (8)
7
where εi jkl is the Levi-Civita symbol, and
si = (1/2) ψ¯γiγ5ψ (9)
is the spin pseudo-vector, and γ5 = iγ0γ1γ2γ3. Substituting the spin tensor of
spinor field in the Cartan equations leads to the torsion tensor as
Si jk = Ci jk = (1/2)κεi jkls
l, (10)
which will be found in the spinor field Lagrange density [1-19].
Then, the variation of the spinor fermionic matter Lagrangian density with
respect to the adjoint spinor (∂ℓψ/∂ψ¯) − (∂ℓψ/∂ψ¯: k): k = 0 gives the ECSK
Dirac equation
iγkψ:k −mψψ + 3
8
κ(ψ¯γkγ5ψ)γkγ
5ψ = 0, (11)
while the variation with respect to the spinor itself (∂ℓψ/∂ψ)−(∂ℓψ/∂ψ: k): k = 0
gives adjoint ECSK Dirac equation as
iψ¯:kγ
k +mψψ¯ − 3
8
κ(ψ¯γkγ5ψ) ψ¯γkγ
5 = 0. (12)
3 Space-time of an ECSK Black Hole with Tor-
sion
A closed universe with quantum effects of fermionic spinor field in a curved
space-time of a black hole provides an oscillatory universe as the big bounce.
After the big bounce a first accelerated expansion phase of the universe becomes
in a torsion-dominated era. The fermions composing the spin fluid prevents to
8
form a singularity in the black hole due to the spin-torsion coupling. Moreover,
the spin–torsion term triggers a big bounce from the other side of the event
horizon after the universe collapse into minimum scale in the black hole [17,41].
Therefore, it is necessary to define a black hole with torsion in the ECSK
formalism which corresponds an action [56-60]
SBH =
∫
e
[
− 1
2κ
(L+ a1L1)
]
d4x, (13)
where a1 is a coupling constant, L is ECSK Lagrangian and it is given as
L = R+
1
4
Si jkS
i jk +
1
2
Si jkS
ji k + Si ji S
k
jk + 2S
i j
i;j , (14)
and L1 is
L1 = RSi jkS
i jk+
1
4
Si jkS
i jk
[
Slmn (2Sm ln + Slmn) + 8S
lm
l;m
]
+Si ji S
k
jkS
l mnSlmn.
(15)
The action of an ECSK black hole yields a static spherically symmetric space-
time with the metric
d s2 = H(r) dt2 − dr
2
F (r)
− r2 (dθ2 + sin2 θ dφ2) , (16)
where [60]
F (r) = 1− c1
c2
√
r
+
6c3c
2
2 − 9c21 ln(3c1 − 2c2
√
r)
6c22r
,
H(r) =
(
1− 2c1
c2
√
r
)2
. (17)
Here c1, c2 and c3 are the integration constants related to the torsion. There
exists a constraint on these constants due to the logarithmic term in F (r), such
that, the term 3c1 − 2c2
√
r must be positive at the physical region. If c2 > 0 is
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assumed for this term, then c1 < 0 always gives negative 3c1−2c2
√
r, but c1 > 0
may give a positive 3c1 − 2c2
√
r with the constraint
√
r < 3c1/2c2 yielding a
divergent F (r) function. Because of the divergent nature of F (r), c2 < 0 limit
is considered instead of c2 > 0 limit. In addition, the coupling constant a1 in
13 is taken as a1 = 2/9c
2
2 in order for the metric 16 to be asymptotically flat at
the spatial infinity for c2 < 0 limit.
It is assumed that the c2 < 0 limit refers to c2 = −1 throughout the paper,
for convenience. For the event horizon of the black hole, the F (r) = 0 case is
taken into account and the critical values for constant c3 are obtained from the
numerical analysis because of the complexity of the logarithmic term:
ccrit =


3c2
1
2 ln(3c1), c1 > 0
c2
1
2 [3 ln(−c1)− 4] , c1 < 0
. (18)
For the case c3 > ccrit, no horizon exists in the space-time and the geometry
is a naked singularity. However, for the case c3 < ccrit the black hole has one
horizon in c1 > 0 limit, and two horizons in c1 < 0 limit [56-60].
4 Spinor Field in an ECSK Black Hole Back-
ground
Bouncing universe is proposed to be led by the existence of spinor matter in an
ECSK black hole with torsion. In order to investigate the validity of our as-
sumption, we now consider the spinor field 1 in the ECSK black hole background
16 with the action
S =
∫
e
(
i
2
(ψ¯γkψ;k − ψ¯;kγkψ)−mψψ¯ψ
)
d4x, (19)
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where
e =
√
H(r)
F (r)
r2 sin θ, (20)
for the metric of ECSK black hole. We expand the semicolon covariant deriva-
tives in the action 19 by using the equations 2-10, such that
ψ; k = ψ, k +
1
4
[
gik{ijm}γjγm +
1
4
κεijklψ¯γ
lγ5ψ γ[i γ j]
]
ψ, (21)
ψ¯; k = ψ¯, k − ψ¯ 1
4
[
gik{ijm}γjγm +
1
4
κεijklψ¯γ
lγ5ψ γ[i γ j]
]
. (22)
We then take the derivatives for k = 0, 1, 2, 3 components in 19 with 21 and 23.
For the metric 16, {ijm}Christoffel connections are obtained as
{001} = {010} =
1
2
H ′(r)
H(r)
,
{100} =
1
2
H ′(r)F (r), {111} = −
1
2
F ′(r)
F (r)
, {122} = −r F (r), {133} = −r F (r) sin2 θ,
{212} = {221} = {313} = {331} =
1
r
,
{233} = − sin θ cos θ,
{323} = {332} = cot θ. (23)
By applying the identities about the components of γ matrices given below
equation 3 and 9, we find the components of semicolon covariant derivatives of
spinor field such that
ψ;0 = ψ,0, (24)
ψ¯;0 = ψ¯,0, (25)
ψ;1 = ψ,1 −
[
H ′(r)
8H(r)
+
F ′(r)
8F (r)
+
1
2r
]
ψ, (26)
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ψ¯;1 = ψ¯,1 + ψ¯
[
H ′(r)
8H(r)
+
F ′(r)
8F (r)
+
1
2r
]
, (27)
ψ;2 = ψ,2 +
1
4
cot θ
r2
ψ, (28)
ψ¯;2 = ψ¯,2 − 1
4
ψ¯
cot θ
r2
, (29)
ψ;3 = ψ,3, (30)
ψ¯;3 = ψ¯,3. (31)
We now substitute these semicolon covariant derivative components into the
action 19, then
S =
∫ (
i
2 (ψ¯γ
0ψ,0 − ψ¯,0γ0ψ + ψ¯γ1ψ,1 − ψ¯,1γ1ψ −
[
H′(r)
4H(r) +
F ′(r)
4F (r) +
1
r
]
ψ¯γ1ψ
+ψ¯γ2ψ,2 − ψ¯,2γ2ψ + 12 cot θr2 ψ¯γ2ψ + ψ¯γ3ψ,3 − ψ¯,3γ3ψ)−mψψ¯ψ
)
d4x
,
(32)
and
S =
∫ (
i
2
(ψ¯γkψ,k − ψ¯,kγkψ)−mψψ¯ψ + Vkψ¯γkψ
)
d4x. (33)
where the free action is inferred from 32 as
Sfree =
∫ (
i
2
(ψ¯γkψ,k − ψ¯,kγkψ)−mψψ¯ψ
)
d4x. (34)
Therefore, the remaining terms in 32 gives the vector potential of the spinor
matter due to an ECSK black hole geometry with the components
Vr = −
[
H ′(r)
4H(r)
+
F ′(r)
4F (r)
+
1
r
]
, Vθ =
1
2
cot θ
r2
. (35)
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For the case c2 = −1 and c1 > 0 one-horizon case with the use of 18, one can
obtain F (r), H(r) and derivatives, as
F (r) = 1 +
c1√
r
+
9c21 ln(3c1)− 9c21 ln(3c1 + 2
√
r)
6r
,
H(r) =
(
1 +
2c1√
r
)2
, (36)
and
F ′(r) = − c1
2r3/2
− 3c
2
1
6c1r3/2 + 4r4/2
− 3c
2
1 ln(3c1)
2r4/2
+
3c21 ln(3c1 +
√
r)
2r4/2
,
H ′(r) = − 2c1
r3/2
− 4c
2
1
r4/2
. (37)
Using 36 and 37 there can be found the components of the vector potential in
terms of the torsion related constants. For the radial component of the potential
35 the behavior of the potential with respect to radius is illustrated in Figure 1
for various positive c1 values. As can be obtained from 18 these constants lead to
the Schwarzschild radius of the ECSK black hole of 0.6c1, and the potential has
minimum values at approximately for the 0.1c1, which are higher density states
in deeper horizon. These minimum values occur for c1 = 2GM at r = 0.12GM ,
for c1 = 2.5GM at r = 0.19GM , for c1 = 3.0GM at r = 0.28GM and for
c1 = 3.5GM at r = 0.38GM . The potential values before r = 0.1c1 is extremely
repulsive. This implies a gravitational repulsion inside of the horizon of the
ECSK black hole after a critical value for the Schwarzschild radius. On the
other hand, the tangential component of the potential gives also the similar
behavior for r ≈ 0.1c1 but with the polar angle θ ≈ 0.1π.
This behavior expresses for the extremely high densities of fermions in the
torsion dominated black holes as in the very early universe there leads to a
spinor–torsion interaction behaves like a very strong gravitational repulsion
13
Figure 1: Repulsive and Attractive Behavior of Radial Potential Vr
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which may prevent the creation of singularities in the black holes and cause
to that the singular big bang is turned out to be a nonsingular big bounce from
the other side of the horizon of the ECSK black hole.
A closed universe in an ECSK black hole with particle production identifies
an expanding universe led by the quantum effects in curved space-time. The
extreme gravitational repulsion due to the high density fermions in the black
hole exhausts from the other side of the horizon as fermion production [61-66].
The initial expansion of the closed universe defines the torsion-dominated era
and the spin-torsion term results from the spin density of the fermionic spinor
field which is given as
s2 =
1
8
(h¯cnf )
2, (38)
where nf is the number density of fermions and the effective energy density,
and also pressure of the spinor fluid read
ε˜ = ε− αn2f , p˜ = p− αn2f , (39)
where α = κ (h¯c)2/32 and αn2f is the spin-torsion coupling term. The spin-
torsion term decreases faster than ε during the expansion phase. The universe
enters the phase of acceleration to expand infinity with the repulsive potential
Vr which may be thought as it is turning out to be a running vacuum as the
varying cosmological constant Λ (r) which has been previously proposed by us
and other studies in the literature [67-70]. Then, the other side of the horizon
creates a bouncing FRW universe with an accelerated expansion obeying the
usual Friedmann equation with the running vacuum Λ (r),
a˙2
c2
+ 1 =
D
a
+
1
3
Λ (r)a2, (40)
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where
D =
1
3
κh∗Teq
(
a˜i
ai
)3
(aiTi)
3 (41)
comes from the spinor matter energy density. In equation 41, h∗ = (π
2/30)g∗k
4
B/(h¯c)
3
with g∗ = (7/8)gf , where gf =
∑
i gi is summed over fermions and gi is the
spin states for each particle species i. Moreover, a˜i is the scale factor at tem-
perature Ti in the expanding phase. For the expanding phase a˜i is greater
than the scale factor ai before the expansion begins. Then, a˜i > ai represents
the expansion of the universe with the fermion creation in the other side of
the ECSK black hole horizon. The consistent resolutions of the cosmological
parameters from 41 is found in the references [17,26,34] as Teq = 8820K and
Λ/κ = 5.24× 10−10 Pa which gives the ratio a˜i/ai > 1010 representing the ex-
pansion of the universe, and the deviation of the density parameter from the
unity Ω˜min − 1 = (Ωmin − 1)(a˜i/ai)2 < 10−55 solving both flatness and horizon
problems of cosmology.
5 Conclusions
In this paper, we considered the ECKS theory of gravity with torsion and
fermion field in a black hole. Using spin density of fermionic matter as the
source of torsion leads to a natural physical interpretation which does not in-
troduce additional fields or coupling constants to form a repulsive force causing
accelerated expansion of universe. Therefore, we first give the dynamics of
spinor field in ECSK theory of gravity as constructing action to give the matter
Lagrangian and modified Dirac equation. After that, we explore the geometry
of an ECSK black hole in which the spinor field couples to the torsion of the
space time in order to produce a repulsive potential which will drive the newly
created exhausted particles from the other side of the black hole horizon.
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With the completed tools in sections 2 and 3, we have investigated behavior
of spinor field in the ECSK black hole which forms a bouncing universe with a
radial potential Vr whose behavior is illustrated in Figure 1. When the radial
coordinate is less than the Schwarzschild radius by a factor of 0.1, the potential
becomes extremely repulsive as the event horizon is approximately 0.6c1. For
some particular values of c1 = 2GM , c1 = 2.5GM , c1 = 3.0GM , and c1 =
3.5GM the repulsive potential forms at coordinates less than r = 0.12GM ,
r = 0.19GM , r = 0.28GM and r = 0.38GM , respectively. At these high
density regions in the black hole horizon strong repulsive potential behaves like
a running vacuum of Λ (r) launches the accelerated expansion of the bouncing
universe from the back side of the black hole horizon.
The modified Friedmann equations of this newly created bouncing universe
provides the consistent cosmological parameters as scale factor and fixed flat-
ness horizon problems with a values of a˜i/ai > 10
10 and Ω˜min − 1 < 10−55,
respectively.
At extremely high densities as in the deeper horizon of the black holes with
the fermionic matter, a significant gravitational repulsion is generated by spin
and torsion interactions. This repulsive potential prevents to form the singu-
larities in black holes or big bang of the universe. With the contribution of the
gravitational repulsion exhausting fermions from the other side of the horizon
create particles, and all black holes may construct a new bouncing universe on
the other side of its event horizon [26-28]. In addition, it simultaneously solves
the flatness and horizon problems without requiring finely tuned scalar fields,
or modified version of the Ricci Scalar R in the action of gravitational field by
more complex functions.
17
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